McNair Scholars Journal
Volume 2 | Issue 1

Article 15

Winter 1998

Presence of Estrogen Receptor-Containing
Corticotropin-Releasing HormoneImmunoreactive Cells in the Sheep Hypothalamus
Corey M. Soumis
Grand Valley State University

Follow this and additional works at: http://scholarworks.gvsu.edu/mcnair
Recommended Citation
Soumis, Corey M. (1998) "Presence of Estrogen Receptor-Containing Corticotropin-Releasing Hormone-Immunoreactive Cells in
the Sheep Hypothalamus," McNair Scholars Journal: Vol. 2: Iss. 1, Article 15.
Available at: http://scholarworks.gvsu.edu/mcnair/vol2/iss1/15

Copyright ©Winter 1998 by the authors. McNair Scholars Journal is reproduced electronically by ScholarWorks@GVSU.
http://scholarworks.gvsu.edu/
mcnair?utm_source=scholarworks.gvsu.edu%2Fmcnair%2Fvol2%2Fiss1%2F15&utm_medium=PDF&utm_campaign=PDFCoverPages

Presence of Estrogen Receptor-Containing Corticotropin-Releasing
Hormone-Immunoreactive Cells in the Sheep Hypothalamus

Corey M. Soumis

McNair Scholar
Brian A. Adrian, Ph.D.

Faculty Mentor
ABSTRACT:

The shift in reproductive activity brought
about by a dramatic change in the way
thefemale sheep brain interprets the
ovarian estradiol signal was studied to
discover neurotransmitter systems
involved in relaying theestradiol signal
to the reproductive system. It was found
thatsome corticotropin-releasing factor
(CRF) cells also contain estrogen receptors. The hypothesis thatCRF may be
one of the neurotransmitters responsible
for mediating theestradiol-induced suppression of seasonal reproductive behavior in sheep was supported.
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Background of the Study
The ovarian steroid hormone, estradiol,
plays a critical role in the control of reproduction in female sheep (Goodman,
1994). Endocrine neurons in
thalamus
hormone
which is
the pituitary gland and
.L~L
release of the gonadotropic .L,LV~_
luteinizing hormone (LH) and follicle
stimulating hormone (FSH). During the
follicular phase of the reproductive cycle,
estradiol acts in a stimulatory fashion
within the hypothalamus to drive GnRH
neurons. This positive feedback system
produces rising levels of estradiol and an
eventual surge of LH from the pituitary
resulting in ovulation.
There are several species whose reproductive activity is governed by external
environmental influence (Fink &.
Thompson, 1991). In sheep, the reproductive activity is controlled in large part by
the season. Ewes normally breed in the fall
and winter and are reproductively inactive
during the spring and summer. The major
environmental cue is the change relative
daylength, The eye receives the photic
information and the central nervous system translates this information into a
hormonal signal (Fink &.Thompson,
1991). This hormone, melatonin, is
secreted at night and is thought to influence a number of central nervous system
processes. Among these may be the
responsiveness of the brain to estradiol.
During the estrus (breeding) season,
estradiol stimulates the brain, which culminates in ovulation and the expression
of estrous behaviors. The majority of
this physiology is produced through the
activity of GnRH (Lincoln &. Short,
1980). However, during the anestrus
(non-breeding) season, the brain's
response to estradiol is remarkably different. During anestrus, estradiol acts in
a powerfully negative fashion on GnRH
secretion. This effectivelysuppresses all
reproductive activity
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Estradiol acts within the cell by binding to receptor proteins located in the
cytoplasm (Fink &.Thompson, 1991).
Once bound, the hormone receptor comis
into the cell
and stimulates
of
genes.
lular function.
studies
in the hypothalamus contain
for
estrogen and are in the same anatomical
locale as GnRH neurons (Lehman, Ebling,
Moenter &. Karsch, 1993). However, it
has been shown that GnRH neurons do
not express estrogen receptors themselves
(Lehman, Ebling, Moenter &. Karsch,
1993). Thus, the control of GnRH secretion by estradiol must be through one or
more indirect pathways. Several neurotransmitters are thought to be potential
candidates for mediation of the estradiolinduced suppression of GnRH during
anestrous. One of the possible candidates
is corticotropin-releasing hormone (CRF)
(Rivier &.Vale, 1984).
CRF is found in discrete areas of the
hypothalamus and in close anatomical
relation to GnRH neurons (Mezey &.
Palkovitz, 1991). The purpose of this
study was to determine if CRF neurons
contain estrogen receptors.
I lY\1n111lJr\hlctr\nhOl"nll"r-II

Materials and Methods
Adult ewes of mixed breeding were maintained on a diet of silage supplemented
with course grain in an open -air barn at
West Virginia University Ovariectomized
ewes bearing subcutaneous implants of
estradiol were used during the anestrus
season. These implants are known to produce serum estradiol levels that mimic the
natural steroid levels during this season
and this treatment completely suppresses
LH release.
Animals were pretreated with 25,000
IU heparin, I~ and then given an overdose
of pentobarbitaL The heads were rapidly
removed and the brains fixed in situ by
perfusion through the carotid arteries with
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6 liters of 4°;6 paraformaldehyde in 0.1 M
phosphate buffer, pH 7.3 that also contained 1,000 IU per liter heparin and
0.1°;6 sodium nitrate as a vasodilator. Once
the tissue was fixed, the brains were
removed and the hypothalamic block
placed into the same fixative overnight at
4°C and
into a 20°;6 sucrose solution
at
for 48 hours. Parasagittal tissue sections were cut at 50~m on a freezing
microtome and processed for immunohistochemistry as described below;
A modified avidin-biotinimmunoperoxidase procedure was used.
All solutions and washes were made up in
a 0.1 M phosphate buffer, pH 7.3 that
contained 0.1 0;6 Triton X-I00 (PBTX). All
tissues were washed a minimum of 3
times for 5 minutes each between treatments. Tissues were incubated in 0.1 M
glycine for 30 minutes to reduce excess
aldehyde fixative, then in 0.5°;6 hydrogen
peroxide for 10 min to suppress endogenous peroxidase activity, and subsequently,. in 2°;6 normal goat serum in PBTX for
1 hour, all at room temperature. The
mary antibodies for this stlldy were rat
anti-estrogen receptor (Dako Corp,
Carpinteria, CA) diluted 1:5000 in 2°;6
normal goat serum in PBTX, and rabbit
anti-CRF (Peninsula Laboratories,
Belmont, CA) diluted 1:500 in 2°;6 normal
goat serum in PBTX.Tissues were incubated in the estrogen receptor antibody
for 48 hours at 4°C. After washing, tissues
were incubated in biotinylated goat antirat immunoglobulin G (IgG) (diluted
1:200, Jackson Laboratories) and an
avidin-biotin-HkP conjugate (diluted
1:1:250, Elite Kit, Vector Laboratories).
HRP was visualized using nickelenhanced diaminobenzidine (DAB) and
0.05°;6 hydrogen peroxide. The nickel
enhanced DAB resulted in a blue-black
color precipitate. Subsequent labeling for
CRF was performed in a similar fashion
with biotinylated goat anti-rabbit IgG and
non-enhanced DAB, which resulted in a
brown colored, precipitate. Tissues were

washed and mounted on gelatin-coated
slides, dehydrated and cleared, and coverslipped with Perrnount (Sigma).
Sections from the entire hypothalamic continuum were labeled. The locations
of corticotropin-releasing hormoneimmunoreactivity (CRF-IR) and estrogen
were
of drawings. Outlines
nr>.r-·t-'''',....,n and vascular landout with. a micropromarks
jector, and the approximate location of
CRF-IR and ER-IR cells were mapped.
The number of single and double-labeled
cells were counted and grouped according
to anatomical location.

Results
ER-IR cells were characterized by a darkblue/black nucleus. The intensity of the
staining varied with the plane of the
section being examined. Cells immunoreactive for the ER showed anatomical
distributions similar to that reported by
Lehman.ct a1 (1993).
CRF-IR cells and fibers were characterized by a dark-brown reaction, product
that filled the cytoplasm of the cell body
and axon/dendrite processes. The nucleus
of these cells appeared to be void of the
reaction product. Some of the fibers
appeared to have nodes of reaction product distributed along their entire length.
The point of origin or contacts of the
fibers could not be distinguished by
examination with the light microscope. A
double-labeled cell was defined as one
that had a ring of CRF-positive cytoplasm
stained dark-brown completely surrounding an Ek-positive nucleus stained dark-

Figure 1: slide F shows the distribution of CRF--IR fibers, which populated an
area dorsal to the optic chiasm adjacent to
the third ventricle and medial to the
fornix. The area of distribution extended
within the approximate location of the
paraventricular nucleus
having
were
to
and also
in the superior area of the AHA.
and ER-IR
was observed medial to the ventral portion of the fornix. The distribution of
double-labeled cells for ER and CRF
appeared to be in an area in or near the
approximate borders of the PVN. The
number of single and double-labeled cells
and the percentage of double-labeled cells
observed in the area of the PVN are
reported in Table 1.
Figure 1: slide G shows a relatively
large population of double-labeled cells
for ER and CRR Double-labeled cells were
observed in a relatively discrete location
within the ventro-rnedial anterior hypothalamic area (VM-AHA) adjacent to the
inferior border of the third ventricle. Cells
only showing
Were also seen
within the same area immediately adjacent to the third ventricle. CRF-IR fibers
were distributed in an area within the
double-labeled cell population extending
to the ventral border of the fornix. The
number of single and double-labeled cells
and the percentage of double-labeled cells
observed in the VM-AHA are reported in
Table 1.
•
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blue/black,
Figure 1, Slide E shows the approximate distribution of CRF-IR fibers in the
AHA extending from an area dorsal to the
supra-chiasmatic nucleus (SCN), adjacent
to the third
to the subfornical
area. Within this area, there were no CRFIR cells or cells double-labeled for both
CRF and ER observed.
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Table 1. Numbers of cells displaying immunoreactivity for CRF and CRF/ER

Location

PVN

No. single..labeled

No. double.. labeled

20.0

4
2

labeled.cells for

12

Figure 1:
E

in selected tissue
the
anterior hypothalamic area of the
sheep hypothalamus. Those cells displaying CRF-IR and estrogen receptor-immunoreactivity (ER-IR) are
represented as double-labeled cells.
(fx: fornix; AHA: anterior hypothalamic area; SCN: supra-chiasmatic
nucleus; SON: supra-optic nucleus;
oc: optic chiasm; ot: optic tract;

PVN; paraventricular nucleus; pt:
pituitary; III: third ventricle; dotted
lines represent approximate borders
of fiber tracts).
Note: Slides
are from anterior to
posterior within the hypothalamus.
Schematic represents approximate
anatomical distribution of
immunoreactivity but not necessarily
actual numbers of cells or fibers .

.J CRF-IR fiber tract

"*
*
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CRF-IR single-labeled cells
CRF-IR/ER-IR double-labeled
cells
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Discussion
The distribution of ER-IRcells in the AHA
seen in this study is consistent with those
reported previously by Lehman, et al,
(1993). The greatest densities of ER-IR
were identified in the medial AHA
to the third ventricle. The
of
and fiber
distribution in the AHA was the focus of
study Observations demonstrate that
CRF-IR is present in these areas and in
areas known to be occupied by ER-IR
cells. The presence of CRF in the sheep
hypothalamus provides evidence that it
may be involved as an intermediate neurotransmitter leading to suppression of
the pulsatile LH secretion.
There are few studies showing the
presence of CRF-IRin sheep. However,
the influence of CRF on reproductive
function has been studied in other
species. Immunocytochemical doublelabeling for Fos and CRF has been
achieved in neurons within the PVN of
the rat (p. 13). The administration of CRF
into the lateral ventricle of the female rat
brain shows a dose-related inhibition of
LH secretion (p. 10). It has also been
shown that CRF may be involved in a
fasting-induced suppression of pulsatile
LH secretion in the female rat (p, 7).
These studies provide evidence that CRF
may be involved in the control of the
reproductive cycle of the rat and suggest
that CRF in sheep may playa role in governing the anestrus suppression of GnRH.
The colabeling of nuclear ER and
cytoplasmic CRF staining in this study
suggests that CRF may be involved in the
estradiol-mediated control of the reproductive cycle in the ewe. From this evidence it is hypothesized that estrogen acts
upon nuclear receptors of those cells containing CRR Estradiol could alter CRF
neurotransmission in order to suppress
GnRH cell activity The CRF signal may
impinge upon GnRH neurons directly or
indirectly through other neuronal systems.
rtr!'1.f"tr>h,,,,,t-
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Studies suggest that noradrenergic
and dopaminergic systems are organized
in sequence to decrease GnRH pulse frequency (Adrian et al, 1995,9). The data
from these studies suggests that seasonal
changes in the
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